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INTHO DUCTI ON 
In writing this thesis, an effort was made to avoid 
any positive suggestions, statements of facts, and reo-
commendations. Still, from the criticisms offered, in 
some c qses the pe~sonality of the thesis write~ may appear 
in drawing conclusions. 
'l'hese generalizations are not universal or even 
probable in some cases, t'or there seems, in such cases, 
a small foundation from which to draw conclusions. 
Borne vigorous attempts are being made by the edu-
cational section of the Americal chemical Bociety to off-
set the more valid of t hese criticisma; as, themi nimun 
essentials of a hi gh school chemistry course made in 1927. 
These critici sms are grouped under headings and sub-
headings. They were taken from articles found .in the 
Header's Guide , 1919-29; in School, ~cience, and Mathematics 
1919-29; and in the Journal of Chemical Education, 1923-29. 
1. 
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2. 
I. The Teacher 
.I. The inefficient preuaration of the Teacher. 
Reference 108. The greateffi need of all is adequately 
trained teachers. 
Reference $9 . In many small high schools, and in some 
large ones as well, chemistry is presented by teachers 
who have very insufficient grounding in that subject. 
Reference 1:(3. Wide variation in the training of the 
teacher both in chemistry and educa tion courses, dis-
close in some cases inadequate preparation for the 
handling of the chemistry course. 
Reference 141. The degree held by the instructor has little 
effect of efficiency. 
Reference 48. There is a wide discre~ancy in the require-
ments for the training of chemistry teachers in the 
various stat es. About thirty states require a major 
and minor, or a ma jor, but do not certify in that 
sub ject, so that teachers may teach any subject. 
Reference 107, One year ()f general college chemis try is 
not enough preparation for teaching in high school. 
Reference 63. Preparation in chemistry of chemistry teachers 
is not favorable, considering the number of t hese 
tea chers who hold degrees in Texas. 
Reference 108. Neither graduates of colleges nor of nor-
mal schools are adequately tra ined for the teaching 
of chemistry. As a result of this chemistry is one of 
the most poorly taught subjects in the curriculum. 
Reference 111. Most high school chemistry teachers do 
dot h ave suffieient background to analyse so much 
free adviee, so that all the advice is di scarded and 
they proaeed t o teach whatever is included in the 
particular text the school is using. 
Reference 177 Sometimes the chemi stry teacher has not 
specialized in college. 
I-1. GENERALIZATIONS. 
1. Some Chemmstry tea ch ers are not adequately pre-
pared to teach. (Ref. 48, 59, 63, 108, 111, 173, 
177.) 
2. Many states are not as particular as would be 
desired about the training of their chem·istry 
teachers. (Ref. 48.) 
3. Not as many chemistry teachers hold degrees as 
would be desirable. (Ref. 63) 
4. Most chemistry teachers have not received college 
training in the subject of electrons. (Ref. l ll• ) 
5. Sometimes the chemistry teacher has not s pecialized 
in college. (Ref. 177). 
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2. The need f'or the better training of t h e chemistry 
.tea cher. 
Reference 146. A need for courses in the teaching of 
the various branches of science. 
Reference 118, Needs of science tea. ching in s mall high 
schools include training for those who plan to ~each. 
Reference 215. The fact that t he best teach ing cannot be 
done unless teachers have a thorough knowledge of t h e 
subj e ct has been ignored at least to aome extent. 
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Reference 118. A sta te law mak ing it impossible for a Board 
of Education to employ a teacher to give instrLlction 
in a subject in which he is not adequately p repared is 
a need of science tea ching in small high schools, 
Reference 205A. The high school teacher needs to do more 
teaching research than the college teacher because he 
must meet requirements in method~of teaching. 
Reference 67. Few high school teachers are familtar with 
the economic wastes in our industries and with the 
possible by-products that ~re being run into the 
sewers and the chemical mthods of control which 
might be used but are not, A young man possessing 
this inf ormation would not likely be teaching high 
school chemistry. 
L~2. GENEEALI ZAT IONS. 
1. Teachers need spemial training in methods of present a -
tion of the differenct wciences. (Ref. 118, 146.) 
2. We are becoming indifferent to the fact that the teacher 
must know his subject. (Ref. 215) 
3. Local Boa rds of Education need restriction by state l aw 
in the selection of an adequat ely tra ined chemistry 
tea cher. (Ref. 118) 
4. High School tea chers need to do research in teaching 
metho ds. ( Ref. 205A) 
5. Some young chemistry t eachers are not able, outside 
of their teachi ng work, to use their chemical knowl edge 
to fi nan ci al advan~age. (Ref. 67) 
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3. The discoura.ginglv low pay of some chemistry tea r:hers. 
Reference 208-209. Many of the smaller schools pay 
from seventeen to eighteen hundred dollars a year and 
it is not unusual for the chemistry teachers to receive 
as low as thirteen to fourteen hundred. A teacher in 
such a school has but one idea--to get abetter job. 
With a t~nover of t h irty to forty-five percent in the 
teaching staff is it any wonder that the work suffers? 
I-3 GENERALIZATION . 
1. In some states the lo v'l pay of the teacher encour-
6. 
ages a large percentage of shifting. (Ref. 108 , 209) 
., 
4. The ~slight attention o;iven to the school library 
and to subscription to professional periodicals. 
Re f erence 146, illbstacles given: lack of library 
facilities. 
Reference 97. An inves t igation in 1926 showed that 1863 
high schools in 28 stat es averaged only $40.00 a year 
for books and journals for chemistry. In Nebraska 
32% of the hi gh schools made no provision for 
chemistry publications. 
Reference 99. Chemi stry teachers are neglecting the 
improvement of t he service department of our high 
school libraries and are failing to cultivR.te the 
use of it by our chemistry students. 
Reference 80A. A discouragingly small percentage of 
our chemistry tea chers a re subscribers to the 
Journal of Chemical "E~ducation, 
I.-4 GENERALIZA'I'TO NS. 
1. Some schools lack library fa cilites ( Ref. 146) 
2. In some other schools l a ck of improvement of the 
library exis t s. lRef. 97, 99) 
3. Too many chemistry teachers l a ck prof'esg ional 
spirit in not subscribing to the Journal of . 
Chemical gducat ion.(Ref 80 A) 
5. Uncritical, traditional attitude of the tea cher 
Xowards chemistry. 
Reference 82. Teachers are too uncri tic :1l of the sub-
j eat matter t hat is used for instruction. 
Reference 204 In the teachi ng of chemistry, as in all 
other subjects, there is unconscious and t hought-
less worship of the traditional. 
Reference 5. Some teachers of chemistry have too long 
made of their beloved science a sort of sacred cow. 
Reference 204. t~any still believe tha t chemistry is an 
exact science. 
Reference 5. Some of the miscomce~tions of chem:il.stry 
teachers: ( 1) too much emphaeis":onnsabrect matter; 
(2 ) covering a logical outline as a whole. 
neference 64. Unfortunately, for some teachers, chemistry 
is chiefly reactions and theories. 
Heference 24. In selecting the type of exercise to offer 
students in their f i.rst yea r's laboratory two con-
ditions must be considered. ll'irst, what the be-
ginning student is able to do; second, what the 
student is going to make of himself in the future. 
ln the past, many teachers and writers have express-
ed themselves as though the second condition was the 
only one to be reckoned with. They condlude that 
the way to~pply that to teaching of chemistry is 
to teac~ the beginner first the practical and then 
the theoretical. 
Reference 5. Misconceptions of chemistry teachers; that of 
8 
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I 
9. 
thinking that chemistry is essent ially a mass of 
i information. (Ref. 13.3 also) 
I--3 GENERALIZATI ONS. 
1. Some teachers are too uncritical of the subject matter 
they use. (Ref. 82) 
2. Some other teachers abuse tradition by worElhipping 
chemistry. lRef. 5, 204) 
3. Some others teach the subject (Ref. 5); instead of t he 
student (Ref. 24) ; or cover a logical outline ( Ref.5); 
or consider chiefly reactions and theories. ~Ref. 64.) 
4. Some other teachers consider chemistry a mass o~ in-
formation. (Ref. 5, 133.) 
6. The teacher's blind obedi ence to the textbook . 
Reference 15. Most teachers state that they follow 
t the text and manual with but little omission. uompar-
atively small use is made of supplementary materials. 
Reference 204. Most chemistry teachers probably never 
question anything they see in text books or l aboratory 
directions. Many teachers teach what has been taught 
them, following b r iefly the text before them, and the 
method and manner in wh w h they were taught without 
ever a change. 
Reference 86 A. The dat a gtven on page 912 of the July , 
1927 number of the Journal of' Chel'lt1Cll1 tdu.c•rbol1.. 
show that less than half of the high schools re-
porting pay any attention to the outlire s for high 
school and first year college chemistry made out by 
the Committee of Chemical Education of the American 
Chemical Soci ety. 
Reference 158. This (loss of class interest) is parti-
cularly true when the subject is taught by a teacher 
who has taught little chem1bstry .and as a result 
follows the textbook very cl"osely. 
Reference 33. Our younger ~eachers and students are not 
working as hard on the subject matter as did teach ers 
and students a few decades ago. 
·1o 
1 
I 
..I.::3_ 
GENERALIZAT IONS 
1. ~orne chemistry teachers follow the text or labor-
atory manual blindly. \Ref. 15, 204) This uractice 
creates loss of interest in the subject. \Ref. 158) 
2. Some other chemistry teachers imitate their old 
teachers in their own teaching . \Ref. 204) 
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3. Some other chemtstry teachers~ill disregard the 
outlines suggested by the committee of Cheimical 
Education of the American Chemica l So,ciety. (Ref. 80A) 
4. Some teachers are not working as hard on the subject 
matter as was formerly the custom. (Ref. 33) 
1. The excessive ,,load of the ch~istry teacher. 
heference 12A. The average science teacher is busy with a 
multitude of details which arise in consequence of 
conducting simultaneously several courses in science. 
(Ref. 118, 146, 149, 168, 193A and 209*) 
Reference 168. Some teachers are required to teach high 
school subjects, some of which they have never s~udied. 
Heference 177. in too many schools the chemistry teacher 
is required to teach too many other subjects. 
Reference 173. The teacher of the small high school is 
often handicapped by having to handle a variety of 
unrelated subjects. 
heference 63. ~'ifteen per cent of the chemistry teachers 
are teaching some subject other than science. The 
greatest efficiency cannot be obt a ined in this manner. 
Reference 168. Ghemistry teachers have to handle a variety 
of the many extra curricular activities. 
Refer ence lo8. Chemistry is often taught by the principal, 
the ~ thematics teacher or the football coack--not 
because he has any interest in the subject but be-
cause there seema to be no other way of arrans ing 
the schedule. 
Reference 118-. Needs of _ science teaching in small high 
s schools include an alteration of the science subjects 
to lessen the teacher•s load. 
12 
I 
I 
' I 
I 
Reference 194. Another dif f iculy encountered in teach-
ing the cou rse is t he inability to give much indi-
vidual help. 
Reference 180. Young tea chers l a ck the opportunity for 
observing achievements. 
l- -7 GENERALI ZATIONS. 
1. nome teachers of science, includi ng ch emistry, handle 
too many subjects and extra cur ricular activities. 
~ossibly because of t h is they cannot give much indi-
vidual help. (Ref. 12A, 6, 118, 146, 149, 168, 193A, 194, 
209) 
2. Sometimes these subjects are unrelated to ea ch other 
or may be even subjec t s that the teacher has not studied. 
(Ref. 168, 173) 
3. J:l 'rom necessity, not from interest, principals, athletic 
coaches and t each ers of sub jects other than chemistry 
teach chemistry in some schools. \R8 f. 108) 
4. An alter ation of acience subjects is needed in small 
high schools to lessen the load unon the teacher. lRef 118 ) 
5. Young teachers lack the op9otunity for observing achieve-
ments. tRe~. 180) 
13 . 
II Methods of Presentation 
1. The need for achange in methods and aims of presenta-
tion. 
Reference 50. Present pedago gica l methods of presentation 
are fundamentally wrong . 
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Reference 202. Either the subj e ct matter is Doorly t aught or-
rleference 43. Our present methods of science instruction fall 
short in tea ching the pupi l ro reason scienti f ically. 
Reference 8~. unfortunately we are still teaching h i gh 
school chemistry much as it was taught when introduced. 
Reference 39A. Save in exceptional cases, the high schools 
fail to give their charges the needed prac t ice in the 
art of study ing . 
Heference 146. There is a generql dissat isfaction wi th the 
existing materials and methods of the chemistry course. 
'There is a tendency to introduce outside 
material into the course to make chemistry teaching 
more effective. 
Reference 129. The training in high school is inclined to 
be spectacular and superficial. (Ref. 25, 158) 
Reference 133. The conventional course in chemis try fails 
to·accomplish its purpose l a rgely because there is no 
connecting thread running through it. 
Reference 47. Vfuile today much of the abstruseness in ele-
mentary chemi stry has been done away with, in many 
schools the tradition of having the pupil ~eqyire a dis-
connected collection of s ;rmbols, formulas and l aws 
persists. 
I 
I 
I 
I 
I 
... 
--
Reference 5. Perltaps one of the greatest handicaps 
to progress of the science in high schools is the 
manner in which it is treat ed. At present varying 
classroom methods are used, viz., the nature study 
meth od, the theoretical method, the historic-syst ematic, 
and lastly, a combination of the second and the third, 
this being the i deal method, although it has the dis-
advantage of attempting to cover too much ground in too 
short a period. ( see also References 133, 193.) 
Reference 112. lt is doubtful if much of the electronic 
application will prove helpful or inspire pupils in 
th~aster-y of its technic for some time to come. 
Reference 193. Our present chemistry courses suffer from 
the evil of trying to serve two different purposes, 
the cultural, or appreciative, and the prevocation-
al ~nd executive. 
Reference 83. Ln the. ordina ry on~undred recitations 
annually we try to te ach more than is +tried in other 
subjects that have two hundred possible recitations 
per year. 
Reference 11. There is a tendency for the high school 
teachers to attempt more t~an is expected b y the 
college instruc t orsof freshman chemistry. 
Reference 146. The lecture method and the textfook 
method are not the natural method of learning, and 
the slower students, especially, do not thrive 
on the predigested knowledge administered in pre-
determined doses. 
15 
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Reference 173. Changes recommended by the teachers 
indicate general dissatisfaction with existing method 
of presenting chemistry and s how a leaning toward the 
project me t h o d. 
t{eference 29. The tendency to use the lecture method is 
creating a serious p rob lem in secondary education. 
Reference 173. There is an apparent unpopularity of the 
lecture system. 
Reference 216. The problem method consumes more time than 
the curriculum allows ordinarily, and it is not es-
pecially applicable to chemistry due to its theoretical 
nature. 
Reference 5. Among the miSCO'I\ceptions of chemi stry teach ers 
is the belief that the chi e f actual or deslrable out-
come of chemical instruction is a "'general training", 
a discipline, a set of "general a b ilities" such as 
those l abelled •ito observe accurately11 , to draw 
correct conclusions, and the like. (Ref. 163 also) 
Reference 106. There is perhaps one grave danger in this 
~ ethod of teaching our complicated theories and that 
is that we may be}accused of tea ching half truths. 
Reference 15. Theories and their exampl-es are p resented 
inductively, i.e., example first and theory following . 
Reference 76. There is a great difference in secondary 
schools, for example, in the offering of equations. 
Reference 146. The study of chemistry is made unnecessarily 
hard for pupils by beginning with the study of gases 
and they are wholly unf-?.miliar with this state of matter. 
17 
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I I-1. GENERALIZATIO NS 
1. Some protests appear for a change in our met hods 
of presentation. (Ref. 5, 25, 39", 43, 50, 53, 129, 133 
146' 158, 202.) 
2. Sometimes courses lack continuity, (Ref. 133, 47); 
are superficial, tRef. 25, 129, 158) and suffer from 
trying to b e both cultural and prevocational.(Ref. 193) 
3. Someti liB s hi gh school chemistry teachers attempt t oo;~· 
much, even more than college instructors desire. (Ref 11, 83.~ 
4. There is dissatisfaction with both the lecture 
method and the textbook method in some high schools. 
( Ref. 29, 146, 173,) 
5. There is a leaning towa rd the project method (Ref 173) 
yet this seems to consume too much time. (Ref 216) 
6. Some high school courses have a confusion of aims, 
(Ref 5, 163) and may include some half t rut hs. (Ref. 106) 
7. Some other errors. are: presenting theories inductive-
ly (Ref 15); offering a wide variation of equations , 
(Ref 76); or starting the pupil with utterly unfam-
iliar matter. (Ref 146). 
II-2. The imitation o f former college teachers. 
Reference 158. Another not infrequent error on the part 
of young high school instructors ia the at t empt to 
squeeze a great dea l of college or university chemis-
try into their course. 
Reference 204. Many teachers teach what has been taught 
them, following bri efly the text before them and the 
method and manner in which they were taught without 
even a chanc;e. 
Reference 107. The average college graduate is apt to 
re-teach his college chemistry to the gigh school 
pupils, making it quite techn i cal and l a cking con-
tact with life. 
I I-2 GENERALIZATIONS. 
1. Some teachers reteach 9. S they were taught. (Ref. 107, 
204) sometimes teaching topics which should bi:nt~.ught 
in college. ~Ref. 158) 
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3. The over-emphasis on memory work and the student's 
permanent retention of' the sub ject. 
Reference 114. There is an overmhelming amount to be re-
membered. (Ref. 122, 162, 167) 
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Reference 129. There is too much emphasis upon memory work. 
( Ref. 129 , 149) 
Reference 1e9. Pupils with a textbook and with laboratory 
r.,., work, who rate above 80% in grade rely, with only an 
occasional exception on verbal memory of what was 
read from the text rather than on what was experienced 
by actual facts. 
Refereence 162. Thinking is called for only in 10.5% of all 
res ponses. 
Reference 83. Students, one, two, or more years after they 
have left school, ret a in but little of the inforrna tion 
nresented to them and too oft en remember only minor 
points. 
Reference 100. I t is doubtful if the student retains very 
much of value as ·far as content of his chemlhC'al C'Oill!l'se ~_ is 
concerned.. 
H.eference 49. Investigations which have recently been made 
reveal the ~act that the students who have studied 
chemistry for a year in high school are, on the average 
seriously deficient in t heir knowledge of useful 
chemical facts and in their ability to apply simple 
chemical principles. 
Reference 152. There is no escape from the conclusion that 
specific information about the subject matter of high 
Reference 151. ·rf a standard of achievement is set at 
ability to recognize the formula for substances des-
c·ribed in the text '!Book and used in the laboratory it 
is clear that the actual accomplishment is far from 
the standard. 
II-3 GENERALIZATIO NS. 
1. Chemistry as taught in some high schools seems t o 
overemphasize the use of the memo ry. \Ref. 11~, 122, 
129, 149, 162, 167, 189.) A small amount of thinking 
is required. \Ref. 162) 
2. It seems that high school chemistry is not permanently 
retained. \Ref. 49, 100, 152). 
3. The actual accomplisl1m&mt of the student is far from 
the standard of achievement. \Ref. 151). 
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II-4 The need to stress fundamenta1~ 
Reference 54. In science teaching there should be concen-
tration on ~few fundamentals and curtailment of the 
many details so that the pupils may retain the instruc-
tion. 
Reference ~14 A. In the attempt to make chemistry practical 
the fundamentals are not receiving the attention de-
served. 
Reference 197. Among other items in the account uniformity 
in mathematical presentation, accuracy in definitions, 
suitable compa rtsons of certain elements and compounds 
and stress upon general principles should be mentioned. 
Reference 202. The writer believes that certain fundamentals 
are necessary f or a proper development of the course from 
the simple to the complex whether. it be for college or 
for life. 
neference 24. Too much time is given to so-called laboratory 
work wit h elaborate and expensive apparatus. Too 
little attenti on is paid to simole and effective illus-
trations of simple phenomena dnd simple applications 
of fundamental principles to be found in every school 
room and its immediate environment. 
aeference 163. Those items(\) whlch cannott be !learned by 
the pupils should be eliminated from the course. 
Reference 222. It is not sufficient to say that the teacher 
shoul d omit what he does not need. It is unpractical 
in most cases since the unnecessary material is dove-
22 
/ 
· ta~led into the dSsentials so closely. that it is 
often out of the question to segregate it. 
Reference 139. 'l'here must be considerable misdirected 
effort to account for the general meagerness of 
results as shown by college freshmen. 
J::{eference 222. Lantern slides, charts and models are in-
adequate substitutes in this field, for visiting and 
studying factories. 
II-4 GENERAJ?..IZATIONS. 
1. 'I'he fundamentals are not rec eiving the attention 
they deserve. \Ref. 214A) They should be stressed. 
~Ref. 24, 54, 163, 197, 207, 214A). 
2. Sometimes it is hard to separate these essentials 
from the unnecessary sub ject matter. ~Ref 222.) 
3. There is probably some relation between the uncon-
centrated teach .. ng over the whole subject rm. tter 
and the meager results of college freshmen in 
chemistry. (Ref. 139) 
4. Lantern slides, cha rts and models are inadequate 
in the field of practical chemistry as substitutes 
tor visiting and studying factories. (Ref. 222.) 
22 A 
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li-5. T~e result of the attempt to cover too much material. 
Reference 188 . There is too muoh material to be mastered in 
a year, so some of i t must be slighted. (Ref. 194) 
Reference 9. Because of the large amount of subject matter 
which the student is expected to master, teachers fail 
to impress t iP principles involved and to give t he 
drill which mi ght remedy t h e difficulty in formula 
•riting. 
li-5. GENERAL! ZA'I'IONS. 
1. Because of the l a r ge amount of subject matter 
to be mastered some of it is slighted and the principl es 
are not impressed as would be desired. (Ref. 9, ~03, 188, 19~) 
II-6 Some errors of teachers in the classroom. 
Reference 184. 'l'e 8. chers recite too much in recitations. 
Teachers ' impressions of the value of the daily oral 
work of the pupils and of the results of written ax-
aminations given from time t o time are highly unscien -
tific and subject to wide variation. 
Reference 189. Recitations are repetitions of text book 
phrases. 
Reference 185 • .lt would seem that even now some younge;high 
school teachers fail to unders t and why text book authors 
are indef inite and so before t heir students get lost 
in dark places, they su-o"8 ly the .tlefinitions. 
Heference 223 . M.ost of our che'1 istry teachers have a very 
t horough g ras1? of' tre sub ject matter but they sesm to 
have no method of presenting it. These instructors, 
for that would be a better name for the~. have the old 
formal method, of questioning their pupils so that t he 
answer is either yes or no. 
Reference 130. The independent attitude of instructor is 
just, but not fair. 
Reference 72. Chemistry is interesting but not studied., 
because the teacher explaiss the advance lesson. 
Re:ference 184. Some teachers do not t h inlr about the questions 
of a test that they are going to give until the class has 
assempled. Then they hurriedly write on the board the 
first questions that come to mind. 
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Reference 122, The greatest lack in our schools, however, 
is that there is no teaching of accomplishment. 
Referecne 185. One of the most serious errors of teachers 
is the confusion of knowledge and information. 
Reference 40. It V'!i ll probably never be admitted tha t 
there is any precise arrangement of topics which is 
essential to a good cou rse in chemistry. 
I I-6. GENERALIZATIONS. 
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1. Some tiet:ei tat ions are repetitions of text-book phrases. 
(Ref ~9) 
2. Some teachers tend to do most of the recitinglRef 184); 
requiring only a 11 yes or no" answer (Ref. 223); and 
sometimes supplying the definitions when pupils 
hesitate. (Ref. 185) 
3. There seems to be a tendency for some high school 
teachers to be like college instructors in being 
formal and unfairly independent. {Ref. 130, 223.) 
4. Some teachers have no method of presenting chemistry 
(Ref 223); do not teach accomplishment(Refl22)i and 
confuse knowledge and tnformation.fRef. 185) 
5. There seems to be disagreement as to the topical 
arrangement of a good chemistry course. (Ref 40) 
II.-7 Some needed omiss i ons from high school chemistry 
courses. 
Reference 222. Atomic and molecular weight determinations. 
Dulong and Petit's l aws do not belong in the high 
school course. 
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Reference 111. Teachers of science have not cons&dered these 
phases of atomic ctructure of sufficient value to 
warrant an investigat ion. 
Reference 68. There is no place for qualitative analysis 
in the hi gh school. 
Reference 212. The high school student lacks systematic 
instruction in qualitative and quantitative analysis • 
. He does not possess the spirit of research. 
II-7. GENERALIZATIONS. 
1. These needed omissions seem few in number considering 
the number of cri ticismsc, offered. \Ref. 222) 
2• There is doubt as to whether qualitative analysis 
(Ref 212) should be included in the high school 
course. (Ref 68) 
3. The student should have some quantitative analysis, 
but this seems to be opposed by reference 222 when 
he opposes atomic and molecular determinations in 
the high school course . 
4. Dulong and Petit's law is opposed {Ref 222); while 
atomic str~cture is considered of insufficient value 
to the high school course. (Ref. 11.) 
• 
II-8 Some important matter overlooked and omitted from high 
school chemistry courses. 
Reference 37. The history , past, present, and near future, 
of chemistry is neglected from the literary viewpoint. 
Reference 9. The teaching of organic chemistry is not 
functioning as it should. 
Reference 63. Too little organi c chemistry is offered in 
the chemistry course. Surely the chem i stry of foods, 
cloth manufactnre, · fuels, dyes, and medicines deserves 
more than two or three lessons. 
II -8.GENERALIZATIO NS . 
1. These needed topics are few in number considering 
the number of criticisms presented. 
2. Chemical history (Ref 37) and organic chemistry 
(Ref. 9, 63) need much more emphasis . 
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III. The Laboratory, 
1. The abolition of the common reagent system. 
Reference 51. The common reagent system has the following 
disadvantages:(l) There is no individual responsibility 
for a set of desk reagents; hence the set is seldom 
complete after the first few laboratory periods. (2) 
Students finding reagent bottles empty or missing 
borrow t he needed rea gents from other students. Borrow-
ing reagents, which becomes the universal practice 
caus es (a) considerable loss of time; (b) it creates con-
siderable cla ss disorder, seriously interfering with 
close analytical thinking ; (c) it encourages the bad 
practi ce of relying on another 's work in f illing or 
preparing the needed reagent. (3) Common reagents 
are unreliable because the bottles are likely t o be 
misfilled or the r eagents contam ~nated. 
This authority, L,J. Curtman, uses the Freas system 
of l aboratory reagents and of cou rse has changed to 
that system because of thefabove dissatisfactions 
with the old common reagent system, 
III-1 GENERI:l.LI ZATIONS . 
1. Reference 51 criticises the common reagent system 
stat ing tha t it is praatically never complete or 
in order. lt causes class disorder, loss of time; 
and endangers the purity of t he reagents. 
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IIIY2 Inadequate facilities and equipment of labora tories 
Reference 177. Unfortunately there still exist schools 
where chemistry is taught without laboratory work. 
Reference 118. The typical four year accredited high 
school of thie statet South Dakt;tte.) has rather inade-
quate facilities for the teaching of science. 
Reference 204. In many places the chemical laboratores 
are poorly equi pped and g ood chemistry teachers are 
not always readily a~ailable f or high schools. 
Heference 146. Among the obstacles encountered is a 
lack of laboratory equipment. 
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Heference 2")5A. The high school teacher has meager facilities 
for reaearch work. 
Reference 118. Needs of a sclence teacher in small hi gh 
schools: (1) A combined l aboratory and class room which 
will adequately provide for the sciences offered in the 
small school and at the same time be so a r ranged that 
1 t may be used for other cla ss worlc such as mathematics, 
histo ry , etc. (2) A minimum list of apparatus and a 
policy for the purchase of the same in order to secure 
the most essenti a l pieces first for each of the sciences 
offered, with an additional list of desirable apparatus 
to be added from year to year • 
.!ieference 189. The present equipment for chemistry is not 
adaptable for the teaching of other sciences . 
lii-2. GENERALI7 
l. Some tchoo 
work . t Ref •. 
2. Some schoo: 
for teaching 
3. There is a l 
t eaching of 
4. There is a 
~radually a 
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istry without l aboratory 
leient equipment or facilities 
: Ref. 118, 204, 146.) 
~hemistry room adaptable to the 
;ubjects . \Ref. 118, 189) 
for a m1numum list and a method of 
nore annually . \Ref. 118) 
III-3 Short laboratory hours. 
Reference 209. Some schools have too short a fuaboratory 
period (40-60 minutes) 
Reference 146. Obstacles given; not enough time for 
laboratory work. 
Reference 149. There is a lack of laboratory space. 
III-3. GENERALIZATIONS. 
1. Some schools have a small amount of time for 
laboratory work. (Ref. 146, 209t 
2. Some schools l a ck laboratory space.(Ref. 149) 
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III-4. Laboratory exnense. 
Re f erene·e 94. The chief argument against chemistry by 
schools not offering it is its cost. 
Ref erence 189. 'I'he expense for l aboratory equipment in 
the teaching of chemistry is grea t er on the average 
than t hat of any of the other sciences. 
Reference 108. The expens e of the cou rse is a hindrance to 
offering it. 
Reference 221. It is regrett able that most schools offer 
the cou rse without exacting a l aboratory fee. 
III-4. &ENERALIZATIO NS. 
1. Some schools do not teach chemistry of dislike 
teaching it because of its expens e. tRef. 94, 108, 189.) 
2. Some schools do not charge a l aboratory fee as 
reference 221 considers· necessa ry. t Ref. 221). 
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III-5. Lack of Labo~atory supervision. 
Reference 190. ~ ·undamentals need to be stres s ed. 
Reference 129. The student's prone to cook-book a scheme 
without disturbing himself too much about the ';whys". 
There is a great trend towards too much self-satisfaction 
among students. 
Reference 148. The student performs his exDeriment mechanically 
and not as an opportunity to get first hand infonm.tion 
from actual experience with the things themselves. 
Reference 133. Fi rst, the course should provide the pupil 
an opportunity to practice chemmstry and he should be 
tested for his ability to do this. With the mass of 
material crowded into the present course there is nothing 
for the pupil to do but to carry out the laboratory work 
in a routine- fashion and commit a fair portion of the 
textbook to memory. It is useless to complain that 
the student does not think,. He does not have time to. 
Reference 120. Laboratory demeanor and attitude is not 
sufficiently supervised. The teacher is not giving 
suffifcient thought to his laboratory course. He 
depends to too great an extent u pon ~mme manual or 
man'L als t hat may serve as a busy work series. 
Referancel20. Neither is he suffieiently thorough in his 
revis i on of l aboratory notes and reports. Neatness 
and grammar are not sufficiently stressed. 
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III-6 Ha rmful effect of text-book upon laboratory work. 
Reference 2l •. Pupils who study text ~efore doing experi-
ment are inclire d to make an inaccurat e report of the 
actual experiment. 
Reference 188. The worst offense of the textbook is that 
it robs the laboratory practice of its thrill and 
inspiration. 
Reference 190. The textbook being found unsatis.factory as 
an introduction to laboratory practice, it is necess-
ary to supply ro mething else to give the pupils a fair 
knowledge of the laboratory problems. 
Heference 191. vany laboratory manuals actually call !66r 
the use of the text in connection with the laboratory 
work. Too many pupils will yield to the temptation 
to let the tex t book do their thinking. No question 
s~ould be put to a punil in the course of an experiment 
that cannot be reasonably answered by the daaa of the 
experiment. 
Reference 158. After some months some of the class lose 
interest in all but the l aboratory work. 'l'his condition 
arises to some extent from the organization of the sub-
ject matter which is handled in most texts by f amilies. 
Reference 101. The average laboatory manual presents a 
series of experiments based complet ely on the text-con-
tent, many of the experiments being cut and dried, very 
difficult and uninterest i ng ; sure to be forgotten by 
the student as soon as he is given the opportunity 
to forget them. 
III-6 GENERALIZ1TI ONS. 
1. The textbook robs the laboratory wor~~ of some 
value. (Ref. 21, 188 , 190, 191). Born e students 
lean too much on the text in their l aboratory 
work. \Ref. 19l) 
2. Expe riments indirectly derived from t extbooks 
written up in familiestof elements, etc.) create 
lack of interest. \ Ref . 158-101) ~orne of t he 
experi ments are too di ff icult.\Ref. 101) 
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IV. LABOH.ATCJ HY l'iiO'I'EBOOKS 
1. Some ridiculous atti t udes of students towards labor-
.9-tary notes. 
Reference 18. The greatest mist ake of all, however, is 
made in considering l aboratory notes similar to 
library reference notes:- a gleaned and concentrated 
record of the important facts concerning a certain 
proposition. 
Reference 134. The idea t hat the norebooks are to be u~ed 
"as reliable reference bo oksu l at e on is amusing . 
Reference 18. Students often think tha t l aboratory notes 
are j ust like text book notes in that they outline in 
some cases, augment in other cases, and supplement in 
all cases. Students also are inclined to consider the 
laboratory notebook like the lecture no t ebook in that 
it is a brief record of facts in the order in which they 
come . 
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Referenc e 200. The notebook problem continues to be a puzzle 
to high school chemist ry teache rs, 1.3., whether or not 
to req'.l ire the student to write down the procedure or the 
method followed. 
Ref'erence 154. Many teachers of physics and chemis try have 
the making of a laboratory notebook as their main 
objective. 
IV-1 GENE~Jl.,IZAT IONS. 
1. Some students misjudge labo2atory notes, considering 
them as referen ce; lecture, ore textbook notes. (Ref.l8, 
134) 
2. Some high school teachers do not know whether to 
require a laboratory noteboo~ or not.\Ref. 176 , 200) 
3. Some teachers have t~e Jllaking of a laboratory note-
cook for their main objective. 
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IV-2 Q.ues t ioning the effici ency of laboratsry notes, 
Reference 202. The requirement of long detailed notes 
often puts a ttwet blanket'' on the pupils interest 
' 
in the experiment. An investigation, recently con-
ducted, seems to show that detailed laboratory notes 
are not necessary for retaining the main facts of the 
expe r iment or for proper taining in scientific 
thinking and expression. 
Reference 146. Obstacle given : note~ook requirements. 
Reference 200. The requirement of written descriptions is 
one that can stand a great amount of introspective 
scrutiny. 
Reference 1~4. Teachers are agreed that the notebooks 
could very profitablJ be left out of the schience course 
entirely. 
Heference 140. Grading laboratory exerciees outside of 
laboratory hours, doing it twice or once a month 
thoroughly and painstakingly or hastily pi cking up 
mistakes at random or slapping down a grade largely 
based on gene r al impressions is an endles s drudgery. 
Reference 120. The teacher is not thorough in supervising 
laboratory notes. 
Reference.88. D~ring the last two or three years many 
chemistry teachers have felt that the written work in 
chemistry, both the 11 wri te-ups" of experiments and 
the written reviews, often use valuable time of 
student and teacher that might far be better employed. 
Reference 200. The many extra hours ~needed by the student 
to write separate detailed notes does not appreciably 
aid the memory in retaining the main facts of the 
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experiment. The average student s pends too much of 
his laboratory time writing a record of his experiment. 
As an aid to English drill it is quite worthless, as 
an aid to memory it is of small value. 
IV. -2 GENERALIZATIO NS. 
1. Some tea chers object to the making of laboratory notebooks. 
(Ref. 134, 146, 300, 202) 
2. Reference 140 considers notebook correcting as drudgery, 
while Reference 120 states that s orne teachers are not 
th~rough in their supervision of laboratory notes. (Ref. 28) 
3. Laboratory report writing causes a waste of i· ime for the 
student. (Ref. 88, 200) and also of the teacher (Ref 88) 
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IV-B.. Inability to grade notes in large classes. 
Reference 146. It is impossible to examine and grade notes 
in the laboratory if the class is l a rge. 
Reference 134. If classes have no more than ten or twelve 
members the second question(of records and notebooks) 
would not be bothersome. In large classes there is 
mo other method whereby it can be determined whether 
or not wach pupil has made some attempt, at least, 
to answer the ques t ions involved. 
IV-3 GENERALIZATIONS. 
1. Laboratory notebooks seem necessary in large 
classes but not in small ones. (Ref. 134) 
V. The D~nstration Method versus the Individual Labora-
tory Eethod. 
1. The inefficiency of the latter method. 
Reference 5. The laboratory method that most science 
instructors instinctively hold in mind may be swamed 
up by the sentence: the uupil experiments and finds 
out for himself. This condition is apparently satis-
facto~r but the first part of the stat ement is the 
only certain accomplishment. 
- eference 26. Laboratory work is unfruitful, so nei tl1.er 
essential nor desirable. 
Reference 188 . Studies and tests at Lake View for the 
past three years g ive an average of 58% of t ho se 
enrolled in chemistry classes who are u nable to 
profit by their individual work in the laboratory 
Reference 191. The laboratory work of many pupils brings 
little result in proportion to theexpenditure of 
time and materials. i'l early as large a fraction of 
the pupils no t only receive little value but are 
positively confused by the -laboratory procedure. 
Laboratory met hods have been improved little in the 
past two deaades. 
Reference 190. About 10% of the third and fourth year 
pupils can engage profitably in indi~idual laboratory 
practice. 
Referenc e 157. Too much of the l aboratory work in h1;gh 
sc hool is preparation for college. 
Reference 190. Without close supervision t he i ndiv i dual 
lab!l1ratory work is only another way of evadine; an 
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education. 
Reference 36. The results of this experiment also 
indicate that the ~ajority of students in high 
school laboratory chemistry classes, performing ex-
periments in g roups of two, do not succeed a s well 
a s wh en the experiment is pe rformed alone, and 
success is measured by instruments which determine 
the same abiliti es as a re measu red by these tests.. 
V -1 GENERALI ZA'I'IONS . 
1. The present laborat or y method l a cks value i n impres s ing 
many student s . ( Ref• 5, 26, 118 , 190, 191) 
2. Some say that it is unfruit f ul, unessential( R f. 26 ) 
A 
t ha t i t is a waste of t i me and materi a ls( R·ef. 191); and 
~ 
without close supervisi on is anot he r way of evading an 
educati on.(Ref. 190). 
3. Only a small p e rcentage of the s t udents receive any 
v a l uable edu cat ion f rom l aboratory work . (Ref. 157) 
4. Such labora t ory prepa ration seems to be only for 
college. ( Ref 157) 
5. Individual l aborato ry work yields more efficient 
results than when students work in pairs. l Ref. 36.) 
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V-2. The Jack of interest in laboratory wo rk. 
Reference 28. There is a great tendency amons st high school 
students to avoid labo r atory courses because t hey take 
too much tim:e, or becau se of tedious notebook vw rk, or 
because of a lack of interest. 
Reference 122. It is suggested quite often that t h e student 
will make t hings that have a practi cal applicat ion; that 
is, such things as ink , a dyestuff, etc.,. Herein those 
who are already strongly inclined toward chemistry will 
be deli ghted; the remainder for the most part will do 
the work with the same indi f f e rence that they whow toward 
any laboratory exerciee. 
Heference 194 . Concerning the most interesting parts of 
chemi stry the ~ajori ty said that the l aboratory work 
is mot interesting . 
Heference 202. The inclusion of quantitative experirents 
accounts for a considerable part of the unattractive-
ness of laboratory work . 
Reference 194. Pupils do nott correlate their laboratory 
work with cl ass work to the degree that should be 
expected. 
Heference 216. The laboratory method is used cons iderably 
in chemistry but there is difficulty in correlating 
the l abo ratar y to the class room. 
V-2. GENERALIZATIO NS. 
1. It seems that many students are disinterested in 
laboratory work. tRef. 28, 122, 194) 
2. Time requirements, tedi-ous notebook work, Ul'"linter-
est i ng laboratory work, quantitative experiments are 
some sources of t his l a ck of interest. 
3. Lack of correlation by the student between the class-
room and the laboratory appears. t Ref. 194, 216) 
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V-3 Reasons for the demonstration method . 
Reference 55. Time is saved by the lecture demonstration 
in drilling on the set of appa ratus and wha t happens 
in an experiment. The demonstration method can be 
made to yield superior results to the labora tory 
method on these items if that seems desirable. 
M:oreover, the demons1ration method saves considerable 
work and a l a rge amount of initial equipment. 
Reference 36. 'l'he ~a;jori ty of students in the high school 
laboratory classes taught by the demonst~ation method 
succ eed as well as when they perform the experiment. 
if success is measured by instruments which determine 
tfue same abilities as are measured by these tes t s. 
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Reference 123 . More can be accomplished under the demonstra-
tion method than under the laboratory method when differ-
ences in ment a l ability are considered. 
Reference 43. Demonstration work is better than individual 
work. 
Reference 123. Scores seem to indicate not only that a greater 
knowledge is derived from the demonstration method of 
instruction but that its retention is relatively per-
manent, both for immediate and delayed retention. 
Reference 43. Demonstration work with written instruction 
is more efficient than individual work with written in-
struction. 
Referemce 150. In most countries class-room experiments g ive 
the best results but they are most expensive and g i ve 
the teacher more wo rk so that they cannot be done 
with large classes unless the teacher is aided in 
his laboratory instruction. 
V-3. GENERALIZATI ONS . 
1. Demonstration work seems to be more fruitful than 
individual l aboratory work as an educative method . 
(Ref 6, 43, 55, 123, 190). Some are of the opinion 
that both methods are equally efficient. lRef 36) 
2. Demonstration exneriments give the best results. 
lRef~ 150) being more efficient with supplementary 
written instruction than individua l l aboratory work 
with written instruction. lRef 43) 
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V-4. Doubts concerning the demonstration ·method. 
Reference 109. However, in the light of the approximately 
equivalent results of demonstration and individual 
work would not seri ously affect the results of written 
tests, although on the grounds of the other outcomes 
of individua l work it is not recommended. F' rom such 
a decisive preference for individual work it may be 
concluded tha t it serves, at least, the purposes 
of self activity, motiv ating and maint a ining interest. 
( Ref. 54, 185) 
Reference 123. The inferior pupils can do better under the 
laboratory method than under the demonstration method. 
(Ref 43, 109) 
Reference 202. 'l'he demonstration method is a time saver .but 
has its limitations in that it fails to give training 
in manipulation. 
V-4. GENERALIZATI ONS. 
1. From the standpoint of giving training in manipulation, 
(Ref. 202) of helping the inferior student (Ref. 43, 109, 
123), and in maintaining interest, the individual 
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laboratory method is preferred to the demonstration method. 
V-5 The better place for oral instruction. 
Reference 54. Oral instructions a re, in general, 'more 
effective than written instructions in lecture de-
monstration but less effective in laboratory work . 
Reference 43. Exercises with oral instructi ons giv e 
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better results than exercises with wr i tten instruct-
~ ions, in both demonstration and individual work . I nd-
ividual work with oral instructions is more effici ent 
than demonstrati on work wit 'n ora l inst ructions. 
V-5 GEWiRALI ZATIONS. 
1. Oral instruction wi thc=,exercises seems better than 
written instruction in both demonstrati on and 
individual wo rk. ( Ref 43) 
2. Two authorities \ Ref 43, 54) contradi ct as to whether 
laboratory work wi. t h oral instruction is better than 
demonstration work with oral instruction. 
VI. The Text-Book 
1. ~xcess amount o~ useless text material. 
Xeference 71A Clnemistry texts have introduced too 
many useless new terms. There are perh8las one 
I 
hundred wo rds carelessly used. 
Referenc e 175, The chemistry text has thirty per cent 
too many uncommon terms. tSee. Ref 185 also) 
Reference 104. There are some obsolete, confusing and 
unnecessary terms in chemistry texts. 
Reference 152 . There is no escape from the conclusion 
that a non-functional subject mat t er is ill adapted 
for trai ning . There is a n urgent need f or a criti ca l 
examinati on of both t he t raditional mat eria ls and the 
t traditional methods wfuich are now used in the hi gh 
school co ur se. 
Reference 139. Each of the texts of subject matter points 
to the conclusion that a large proportion of the eon-
tent of high school chemistry is of little value for 
many who study it. 
Reference 33. There is a tendency to include too much 
relatively unimport ant matter in our chemistry texts 
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and displace those essent ial fundam:ennals which make for 
a lasting foundation and for interest in the subject. 
Reference 139. Text books are very largely info rmational 
in character. They must be so in order to furnish 
diversified material for illustrative purposes. 
Reference 204. The main reason why chemistry is mot 
more popular is the vact that a more or less obsolete 
and unnecessarily dif f icult content of t he subj e ct 
ia taught. 
Reference 83. At present, the student is supplied with 
an ove~vhelming mass of facts. 
Referen ce 147. The texts are too cumbersome. 
Reference 202. Such studies as those of Powers show tha t 
students ar~not mastering the sub ject matter commonly 
taught in the h i gh s hool chemistry cou r s e. Either 
the s ubject ma t te r is poorly taught or !3lse we are 
teachin3 material whi ch is uninterest i n?; o r too hard 
for the average high school course. 
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Reference 148. The fact that there has been so little ch ange 
in the content of t he c hemistry course as represented 
by the commonly used text book s is in itse lf s uf f icient 
rea son to call for a critical examination 8f t h is veadi-
tional subject matter in the light of modern edu. ca tional 
principle~. 
Reference 146. Obst a cles given: poor textbooks . 
Reference 222. Many topics could well be omitted; e. g ., 
formation of hypochlorous a cid in bleaching reactions; 
heat of neutralization quantitatively t aken up; ni-
t rides, "9hos phonium; details of the various phes-
phoris acids; superficially tau3ht organic chemistry; 
and the decomposition of amonium nitrate . 
Reference 173 . The u s e of outsi de material indi cates 
its incl usi0n as illustrat ive material to popular-
ize the cou rs e , r ather than as an integral part of 
the course. 
VI -1 GENERALIZAT I ONf3 . 
·1. There s eems to be too many t e r ms in chemistry t ext -
books . (Ref 33, 71A, 175, 185, 204). The content 
in excessive i n amount (Ref . 83, 147) It is also 
obsolete (Ref 204), uninteresting . (Ref 202), or 
too difficult. (Ref 202, 204) 
2. There seems to be a need for a critical examination 
of textbook content (Ref 148, 152) and also of the 
traditional methods of the high school cou rse ( Ref 152) 
3. Outside material acts as illust rative material in 
texts (Ref 173) Too much unimport ant matte r is f orcing 
out t he vital essentials. (Ref 33) 
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4. Some topics cou ld be omitted f r om t exts; as the fo~­
mation of hypocklorous a cid in bleaching reactions, 
detai ls of t he v a r ious phosphoric acids, etc., (Ref 222. ) 
VI-2. The ~endency of courses to follow text-books. 
Reference 158. Loss of class interest is particula rly true 
when the subject is t aught by a teacher who ha s taught 
little chemistry and. as a result follows the text-
book very closely. 
Reference 204. Textbooks are l a r gely res ponsible for the 
metho ds and content of chemist r y courses, a l t hough 
many teachers inject orginality and interest i nto 
their work. (Ref. 80). 
Reference 173. The course in ch emistry as given in q igh 
schools mf Oregon is merely a text book subj e ct. 
Reference 15. A comparison of the course content is t here-
fore a comparison of the content of the texts and 
labo r atory manuals. 
Reference 149. School texts cqnnot be changed. 
Reference 2l4A Some boo~ courses a re to be avoided. 
Reference 29. It is readily seen that the libra ry reference 
plan, the lecture from persona l not es plan, the indi-
vidual teachers' les s on plan:; and any pl an offered as 
a substitute for the standa rdized text with its accom-
panying laboratory ma nual would be even worse than 
the variety of texts. 
Rererence 111. Most hi gh s chool tea chers do not h ave 
sufficient ba ckground to anal~ze so much free advice, 
so that all advice ls disca rded. They proceed to 
teach whatever is lnGluded i n the pa rticula r text 
the school happens to be us i ng . 
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Heference 204. Most chemistry teachers probably never 
question anything they see in textbooks or l abora -
tory directions. 
Reference 15. Most teachers stated that they followed 
the text and manual with but little omission, Com-
paratively small use is made of su ··plementa ry materials. 
VI-2/ GENERALI ZATIONS. 
1. ~any high school chemistry courses t end to fol low the 
text to a considerable extent. (Ref. 15, 80,111, 149, 
158, 204, 204A) 
2. Thi s defect may come as the result of an inexperienced 
teacher. (Ref. 111, 158) 
3. Yet a vari ety of texts is better tha n the library ref-
erence plan, the lecture Srom personal notes pl an , 
the indi vidual teache rs' lesson plan or any plan as 
a subs t itute for t he st andardl zed t ext with its accom-
panying l aboratory manu al. (Ref 29). 
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Vt-3 . The text unfitt ed to the pupi l 1 s p ersona lity . 
Reference 216. The usual textbook method is defective , 
being superficial, shallow , and incons iderate of the 
interest of the viewpoint of the pupil . 
Reference 15 . All texts analy sed may be classi f i ed as 
log ical , organized according to the mind of the ex-
pert and not a ccording to the abilities , interests, 
and needs of the seco ndar y school pupil. Too con-
elusion drawn from t he firs t part of our study i s 
very ev i dent . The hi gh school textbook now in use 
is n ot a dapted to the capacities , interests, and needs 
of the s econdary scho ol nu p i l . 
Referen ce 5 . The pract i cal , useful si de o f h i ,<2;h school 
chemistry is not s uff i ei ently s tressed in our high 
school texts, a nd the average h i gh school chemistry 
textbook now in use ·, is not · adapted to t h e c apa citi es, 
interests, a n d n eeds of th e secondary school pupil. 
Reference 146. Too many experiments are cho sen and mode led 
by adults from t hei r college courses without refer~­
ence to what a chi ld should know ; hence, t hey a re 
too often unrelat ed to the experience of hi gh school 
pupils. 
Reference 169. One of the hardest t a s k s in co nne ction with 
the teachfu.ng of chemistry in a cours e of t h is typ e 
(High school coo p erative type) is to fi nd a suitabl e 
textbook , one tha t is of hi gh school g r ade and which 
·. 
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interprets familiar chemical fa cts in terms of indi-
vidual trades. 
Reference 189. The average chemistry textbook is of more 
harm than value in rea lizaing our objective of tra ining 
pupils to think . 
Reference 148. Textbooks, in their effort to include as much 
as possib l e in the fewest pages , have often boiled down 
the cons i deration of a topic until all the interest has 
been squeezed out by their treatment. 
VI-3. GENEfu\LIZATI ONS . 
1. The high school text bo ok is not adapted to the 
needs,abilities, and int eres ts of t h e secondary 
s chool pupil. (Ref. 5, 15, 148, 179, 216). 
2.Some texts seem t o have been made from the viewpoint 
of the aut ho r (Ref. 15, 146) and not from the view-
noint of the nuui l.(Ref 216). ~ . ~ -
3. The small amount of time a nd the pupil's natural 
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inertia blind the pupil as to the underlying princi ples. 
(Ref. 216.) 
:. 
YI-4 The confusing nomenclature. 
Reference 71A. High schoo~G teachers have found that this 
· difficulty (High school chemistry nomenclaure) has 
developed into a formidable problem. 
Reference 71. Does not this show clearly that one of the 
pressing needs of instruction in chemistry is a stand-
ardized vocabulary? The true definition of valence, if 
it goes back to fundamentals, must be based on the elec-
tronic theory of the structure of matter. 
Reference 71A~ Enp~ls so.en find that many different terms 
have almost, if not exactly, the same mean i ng and that 
some authors seem to prefer one term to express a given 
idea, while others never use that term but express the 
idea with words which are entirely different•(Ref. 79) 
Reference 71A. Frequently the meaning is qui~e different 
in the modern science but the pupil continues to think 
of the word in its old meaning. 
Reference 106. Many elementary textbooks attempt to deve~op 
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in the mind of tre beginner a difference between chemistry 
and physics by establishing a distinction between a 
chemical change and a physical change. lt is doubtful 
if such a procedure is ideal. 
Reference 71. The student cannot be b lamed for hls obscure 
and conf used ideas of valence when no two of the def-
initions taken from sixteen widely used texts are in 
exact agreement in all essential particulars. 
- . 
Reference 71A. There are many faulty definitions in 
chemistry texts. Sometimes the language is too 
technical and cannot be understood by the high 
school pupil. The definitions are frequently quibe 
inadequate and in a large number of cases they 
are wrong. 
Reference 7la. Terms incorrectly used include the trad-
itional meanings of alum, alcohol, carbide, ether, 
and aldehyde. 
VI-6. GENERALIZATIONS. 
1. Many terms have the meaning or almost the same meaning; 
(Ret • 71A, 79) or different words may be used to express 
the same term. (Ref. 71A, 79) 
2. Sometimes the pupil continues to think an idea according 
to an older nomenclature. (Red. 71A) 
3. Some texts start with the distinct;.ion between a physical 
change and a chemical change. (Ref. 106) 
4. Definitions in various texts, as, for example, ideas of 
valence, differ essentially. 
5. Some terms which cause misunderstanding are: alum, car-
bide, ether,and aldehyde. (Ref. 71A). 
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VI-5. Poor texts and traditionally constructed texts. 
Reference 197. Our recent texts have not paid sufficient at-
tention to the ques t ion of avoiding confusion of i deas 
and of clinching them by r epetition and other devices. 
Reference 80. The scant proceeds of a year of high school 
chemistry are largely due to the unsystematic, hap-
hazard study of the subject with a textbook that lacks 
both plan and arrangement. 
Reference 188. Our texts lack tbe detail, the scope and the 
style to serve as a reading book in chemistry. 
Referenc e 148. One of the most serious ariticisms of present 
chemi stry text books is the very large number of more 
or less unrelated topics. 
Reference 204. Among the chemistry texts of today we find 
some that are lartly careless compilations, containing 
ambiguous and misleading atat ements. Most authors 
inClude much that has only a traditionalllalue. 
Reference 29. These leaders realize that a variety of texts 
differing in outlire and content are responsible for 
lack of progress in chemical education. 
Reference 15. No definite plan for the introduction of 
theories, principles, laws, etc., according to their 
needs or use seems to be followed. 
Reference 33. Text books are not as suitable as they were 
twenty or thirty years age, from the standpoint of in-
ductive teaching. 
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Reference 15. Important phases of subj ect matter a re not 
repeated oft en enough in the texts. 
Reference 174. Poor points include poor labelling or no 
labelling of parts of the di agram, use of photillgraphs 
instead of cross section diagrams where operations are 
to be shown , insufficient or small diagrams, too few 
illustrations, indistinct photographs, and too brief 
expl anation of the pictures. Authors take the elec-
tronic theory too seriously. The theory is too 
theoretical for the majority of students. The dis-
cussion is too brief; and although descript ~on is 
clear it gives only enough material to satisfy t he 
student that elctrons, pro t ons, atoms, and molecules 
actually exist. Text I. The authors follow the old 
stereotyped order of topics, well arranged according to 
the orthodox college arrangement. 
Text II. This text also follows t he 
old accepted order of topics. 
Text IV. This text follows somewhat 
a form of t he old order of topics. 
Reference 118. Needs of a sc i ence teacher in small high 
schools 4mdude text books especially adapted to s mall 
high schools. 
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VI-5 GE~~RALIZATIONS. 
1. Some tex t s seem to b e written somewhat incoherently 9· 
(Ref. 15, 80, 146, 148, 188, 197, 204.) 
2. Important phases of subject matter are not repeated of t en 
enough in the texts. (Ref. 15, 33) 
3. Some text books are not as sui table as they were tw·enty 
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or thirty years ago from the viewpoint of inductive teaching . 
4. The Chief point in the analysis of these texts seems to 
be the following of the traditional sequence of topics 
in the texts. (Ref. 174, 204). Other points concern dia-
grams, which when present are too small or poorly labelled; 
and the over serious consideration of the electronic theory • 
5. There seems to be a need of a special text book adapted 
to small high schools' Ref. 118) 
6. The cataloging of metals and their salts in the second 
semester. 
Reference 222. The latter chapters in some texts often de-
generate into ~-otonous catalogues of salts of metals. 
Reference 202. Interest commonly falls off during the latter 
part of the second semester when the ordinary course 
is largely descriptive, including a mass of data con-
cerning the metals and their salts, little of which s 
stimulates thought. (Ref. 70 ) 
vi-6. GENERALIZATIONS. 
1. The emphasis up0n metals and their salts of the text 
book matter of the second semester crea~es monotony and 
.... 
' 
lack of interest. 
.··""" · 
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VII. College Influence over High School Chemistry. 
1. Repetition of high school chemistry in college courses. 
R~~~enoe 15. The course in general inorganic chemistry in 
col~ege, after having had the high school course, is 
largely repeating it. 
Reference 80A. Many colleges accept high school chemistry, 
but require it s pep·eti tion. 
Reference 73. The advisability and feasibility of colleges 
having a different course for those student~ who have 
had high school chemistry is also questioned because 
noteworthy opinions indicate that such differentiations 
are frequently more apparent than real. 
Reference 44. Many colleges start over aga i n with all 
students regardless of previous chemical education. 
Reference 198. College instructors often complain that 
students come to t hem from the high schools eo poorly 
prepared that it is necessary to repeat in the fresh-
man year practically the s ame course as tha. t given in 
the gigh school. 
Jeference 83. At present colleges review the entire high 
school course. 
VII-l.GENERALI~~TIONS . 
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7 1. Many colleges review or repeat the high school chemistry course. 
('/fA-f!.I.J;If-if; ~lf,s-31 73/fB) 
2. Restriction on high school chemistry teaching by the 
College Entrance Board Requirements, college entrance, 
and state requirements. 
Reference 139. I~ it is thought worth while to seek to 
place the responsibility for the situation found to 
exist in the teaching of high school chemistry, we may 
ask who trains the teacher? Vfuo wri tea the text books 
used? Who compiled "The Standard Minimum Examination 
Board Tests? College teachers cannot excape a large 
part of the responsibility for the content of high 
school courses in chemistry. 
Reference 198. Knowing that the teacher st•nds or falls, to 
a large degree, according to the rating of his pupils 
who take the college examinations, he is practically 
forced to give the routine course, however much it 
may be against his better judgment. 
Reference 202. The College Entrance Board wh~ch, until very 
recently, dominated the situation, has in large measure 
shaped the chemistry curricula and the character of the 
teaching. It is true that college dominance has result-
ed in. many benefits. However the bad results have 
outweighted the good.(See Ref. 5) 
Reference 267. On the whole the character of the examinations, 
despite the introduction of sets of true-false questions 
in the Regents' papers, has not changed sufficiently to 
.., 
warrant the conclus i on that there is any improvement 
except for the smalle1amount of theoretical material 
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and larger amount · of I:!P plied chem~stry required. 
Reference 177. Many of the beat selling text books are built 
too plainly on the requirements of t he College Board 
and on the New York Regent s, two very powerful agencies 
in the East in determining what shall be taught in the 
hi gh school. 
Reference 76. The sinister influence of the institutions of 
higher learning in defining and limiting the scope of 
the work presented as credit for entrance to their 
halls is so great that the new aims and ideals cannot 
be completely satisfied. (Ref. 5, 113, 158) 
Reference 57. Too much of the l aborato!1 work in high school 
is preparation for college. 
Reference 134. There are two reasons why notebooks are still 
used in chemistry and they are both weak ones. One is 
beaause there· are a few colleges in the count ry that 
require a pupil on ent r ance to produce a note~ook in 
his courses in science. 
Reference 173. The teacher is obliged to present the course 
strictly as outlined by the stat e high school cu rriculum 
which empha&izes the standards of the college entrance 
requirements, thereby prohibiting the teacher from 
bringing his own teaching experience and iaitiative 
to the development of the course. 
Reference 149. Even today the College Entrance Examin_tion 
Board requires the teaching of s~ch subjects as 
the Law of Multiple Proportions, which cannot be justi-
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fied under any of the accepted aims and object ives 
of hi 8h school chemistry. 
Reference 146. Obstacles gi v en {1) college entran ce re-
..• 
quirements, {2) state requirements. (See Ref. 149, 194) 
Reference 175. High school chemistry texts have in the past 
been dominated by the college entrance requirements. 
VII.-2 GE~~RALIZAT I ONS . 
l. The College Entraftee~oard by its examinations has in 
large measure shaped the cha racter of tre high s chool 
course. \Ref. 5, 39, 76, 113, 146, 149, 158, 173, 198, 199.) 
2. Some state syllabii, \Ref 146 , 173); and the New Jork 
Regents' Examinations, (Ref. 177) have a similar effect. 
3. Textbooks have been dominated by college entrance require-
ments, (Ref 175, 177).College professors write the high 
school ehemistry texts. (Ref 139) 
4. The Regent examinations, · exc~ t f or less "theor y ana. more 
ap:pl HHl cnemistry, rume~ not changed appreciably. 
5. Some colleges require a high school chemical l aborabory 
notebook. (Ref. 134) The College Ent rance Examination 
Board still requires the teaching of tbe Law of Multiple 
Proportions which is inconsistent with the aims and objects 
in the teaching of high school chemistry. 
3. Control over high school courses by colleges. 
Reference 94. College teachers discourage schools from 
~eaching chemistry. 
Reference 202. In the first place high school chemistry is 
still too largely under the influence of the college. 
Reference 82. It is well to keep in mind the fact that 
higher institutions of learning still exercise a large 
measure of control over the course taken by the high s 
school student. 
VII.-3 _ GENER~LIZATIONS. 
1. Higher institutions still exercise a large measure of 
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control over high school chemistry courses. (Ref 82, 149, 202) 
4z_iimilarity between high school and college texts. 
Reference 173. The text is an abbreviated college text, dif-
fering mainly in the volume of its contents. The 
material is presented from the point of view of the 
spec~alist for the purpose of satisfying college 
entrance requirements. 
Reference 15. It is clear from the table t hat the similar-
ities in the content of the high school and college 
texts greatly exceed. the differences. 
Reference 75. Another reason for the lack of variation in 
the content of courses is the or~gbn of the textbooks. 
Many of our secondary textbooks are written by professors 
in higher institutions. 
VII-4 GENERALIZATIONS. 
1. The high school text is much more:: like the college 
text than unlike it. (Ref. 15, 173) Many high school 
texts have been written by professors of higher in-
stitutions. {Ref. 76) 
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5. Failure of high school to achieve aims in preparation for 
college. 
Reference 121. Having been properly told that the high schools 
were failing in the preparation of students for college 
chemistry, objectives are baing somewhat tardily altered. 
Reference 80. The college freshman falls woefully short when 
it comes to readjusting himself to college standards of 
work instead of high school standards. 
Reference 198. By making too large a demand upon the prepar-
at~ry school, the college is defeating its own ends, 
8i~ce 1 in striving to meet requirements, the work in 
the high school must be done so r~idly and the ground 
covered so superficially, that time for proper digestion 
and assimilation of subject matter presented is not 
available. 
Reference 178. Some teachers think that because of the 
cramming, that the high school chen istry is not 
assimilated, so the course is repeated in college. 
The Syllabus doe~not indicate that all the major 
topics b~ut in the examination paper of any one 
year. Yet teachers must have their students fully 
prepared. The fact that only about two thirds of 
the College Board chemistry candidates pass the 
subject shows that someth i ng is radically ~~§ng. 
Yet the average of all such candidates in: .all sub-
jects is less than t h is two th i rds. 
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VII-5 GENERALIZATIONS. 
1. Some high schools are failing in preparing their students 
for college. (Ref. 80, 121, 139, 178) 
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2. This may be a result of the large demands by colleges.(Ref 198) 
3. Yet some high school teacherswork tee~r college prepara-
tory students too comprehensively for the proper assimila-
tion of the subject ·; although the College Entrance Board 
does not put all the wa jor topics into the annual exam-
ination. (~ef. 118) 
· ·~ ....... : 
.,, •. I 
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6. The need for closer articulation between high schools 
a.nd colleges. 
Reference 202. A carefully formulated set of minimun essentials. 
to be given in the high school would eliminate the 
freat amount of overlapping tb the first year college 
chemistry that Koos shows exists at present. 
Reference 59. The statement of minimum standards of achievement 
in chemistry courses, notably high school and freshman 
courses, is another task which awaits the standard maker. 
Reference 139. There must be considerable misdirected effort 
to account for the general meagerness of results as shown 
by college freshmen. 
VII-6 GENERALIZAT IONS . 
1. There is a need for closer articulation and less overlapping 
between high school and college courses. (Ref. 5, 44, 59, 124, 
139, 158, 202.) 
-
... 
VIII. The H1gh School Pupil or Student 
1, The previous education of the pupil 
Reference 194. In summing up the difficulties of typical 
problems, as shwwn by the tests, the main defects are: 
purely mathematical mistakes, lack of memorizing de-
~ails, and l a ck of clearness in thinking, Th~ mathe-
matical mistalces are largeLy in ueclmal.s, airect anU. 
inverse proportion, and parentage. (see Ref, 149, 162) 
Reference 149. Af foundation in arithmetic plus an ability 
~o read understandingly are our big problems, 
Reference 157A. An enumeration of weaknesses thus found are: 
lack of interest in problem work and poor knowledge o~ 
arithmetical proportion, 
Reference 146, Obstacles given; lack of preparation in.o::t.ari th-
metic and reading; and lack of preparation in 6th grade 
and 
arithmetic/ A lack of preparation before taking the course, 
Reference 173, Students lack preparation in the sciences before 
taking the chemistry course, 
Reference 41, The average high school senior elects chemistry 
with practically no idea as to what he is to undertake, 
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VIII-1 GENERALIZATIONS. 
1. Some students lack adequate preparation in arithmetic. 
(Ref. 146, 149, 157A) 
.. 
2. Lack of interest in problems, (Ref 157A), inability to 
- -
read understandingly, (Ref. 149) are drawbacks to learning 
chemistry. So also is the lack of memorizing details, and 
the lack of clear thin~tng. 
3. Some students lack preparation lHef. 173), possibly to 
a large extent, of a scientific nature (Ref. 173). The 
average high school senior does not anticipate what 
chemistry will be like. 
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2. His immaturity. 
Reference 182. The superior student, who now has his ambition 
curbed in a class of average or inferior students would 
be encouraged by sectioning . 
Reference 146 . The immatur ity of the hi gh school pupil is 
an additional reason for the failure of the lecture 
method. 
Reference 49. It may be possible that the results of Power's 
studies show that the student's chemical working tools 
are dull or lacking, when examined by the artisan in 
chemistry, and at the same time ignore what one may call 
chemical background or ap preciation. 
Reference 146. It is very difficult to make pupils realize the 
real meanings of chemical terms and formulas. 
Reference 222. High school pupils are not mature enough, and 
do not have enough discretion to pick out the essentials 
in a chapter that is padded with unnecessary discussions. 
The results are: superf icial habits of study, and inade-
quate underst anding. 
Reference 135. It is admitted that it is the exception to find 
. a student who is keen to observe all he can. The average 
student seesm to be almost helpless in the presence of 
a laborat ory problem. 
Reference 67. The science of chemistry has developed his-
torically in the inductive way, but any person who gives 
the question serious thought, who realizes the imma"t.urity 
72 
I 
of the high school student and the nature of the 
equipment in h i gh school laboratories must cert a in-
ly appreciate how utterly absura it would be to for-
mulate laws and theories from data obtained by the 
students in the l~boratory. 
VIII.-2 GEtmRALI ZAT I~NS 
1. There is a possibility that the high school pupil is 
too immature to acquire chemlbcal training . (Ref. 49, 
135, 146, 167, 222.) 
2. It seems to be the exception to find the student who 
obs erves everything .lRef. 135) 
3. The average student seems helpless before a laboratory 
problem(Ref. 135.) How can a ·student formulate laws 
and theories in the l aboratory when we consider his 
immaturity and the equ ipment of the high school labora-
tories. ( Ref. 67) 
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3. The need to know the nupi'ls uersonality better. 
Reference 35. The teaching of chE~mistry will become a 
science when we recognize the innat e powers of students. 
Reference 192. Survey of the student body of high schools 
and colleges indicates t hat only 10% have an abiding 
interest in their studies. The other 90% of the 
classs range on down the sc.:1le of desire to approx-
imately ze~-. A particular characteristic of this 
type is that they are filled up with information that 
is of no imme~ate use. 
Reference 149. oee also .Kef. 31~. Many teachers t t nd as 't helr 
most diff1cul~ problem in starting out as teachers 
of chemistry, the fact that students vary so wi dely 
in natural interest and ability. 
Reference 125. Students can be divided intoL (a) general 
memory type,(b) auditory memory type, and(c) reason-
ing type. The fiaL ure to reach all types results 
not only in genera l lack on interest but often in 
revulsion against the wholet r:g st em of scienti f ic 
education. 
Reference 146. Obstacles given; chemistry is not related 
to the experience of the chtld. 
Ref'erence 173. Under these condttons:j1 the student's viewpoint 
cannot be given due cons19-eJ:>ation in the presentation 
of the chemistry course, so that the course remains 
largely unrelated to the student~s experience, needs, 
invironment, and c~acity. 
Reference 24. In selecting the type of exercise to offer 
students in their f irst year's laboratory, t wo con-
ditions must be considered. 
First, what the be3inning student is able to do, and 
second, what the student is going to make of himself 
in the future. In the past, many teachers andwriter s 
have expressed themselves as though the second con-
. dition was the only one to be reckoned with. They 
conclude that the way to apply that to teaching ins 
chemistry is to teach the beginner first the prac-
tical and then the theormtical. 
Reference 166. Whatever the nature of the test used, the 
workers are entirely in agr•eement in finding that 
the range of attainment at the end of a year of 
high shcool chemistry is immensely great within 
any given class, any giv en school, any given system 
of schools, or any gr oup of schools heading towards 
the same external requirements; as, preparlng for 
College Entrance Examinations. 
Reference 122. It cannot be denied that many students 
go through a course in chemistry without developing 
the slightest interest in the subject. A plan often 
proposed to make the subject more interesting is to 
stress the application of chemistry. Some students 
may become enthumastic, but a very considerable 
number are positively bored by additonal mate r ial. 
Reference 70. All too frequently both the subject matter 
and supporting laboratory work of second semester 
chemistry are not only devoid of variation and grow-
ing demands on ability and understanding , but there 
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is also lacking sufficient breadth of experience and 
richness of material t o give the subject its full 
exploration and guidance value. 
Reference 41A. The drill on essentials, such as equations, 
laws, and formulas, which are very enervat ing tothe 
interest of high school pupils, should be given only 
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to college preparatory pupils, not to the ordinary pupil. 
VIII-3 GE~~RALIZATIONS. 
L. Many students lack interest in their chemistry courses. 
(Ref. 41A, 122, 125, 192.) 
2. The innate powers of the student, (Ref. 85); his ex-
perience, needs, environment; (Ref. 70, 85, 125, 146, 
173), and capacity, ( Ref.24,173) are somewhat unre-
lated to the chemistry course. 
3. There is a wide variation of interest in chemistry 
throughout a chemistry class~(Ref. 192). The range 
of attainment in any given ~lass is large. 
4. The need to educate the mass (90%) of the students. 
Reference 2m2. Purposes and alms in high sehool chemistry 
should be changed because of preparation of ~ajorlty 
of students for life rather than for college ent~nce. 
Reference 198. The time has come when a course can be given 
in which both college requi r ements and the needs of the 
ninety percent can be fairly met. 
Reference 202. The high school must now tr in the large per-
centage of i ts t udents for life, rather than for college 
entrance. The masses rather than t he classes must be 
served . (See. Ref. 113, 133.) 
Reference 214. Reconstruction of high school chemistry cour s es 
needed for those, the largest group in the courses, who 
finish their formal schooling with the ~fugh school, and 
who want a general, practical everyday knowledge of 
che:nistry. 
Reference 198. As a rule the h i gh school chemistry tea cher 
is confronted with the proposition thatninety percent 
of his pupils in chemistry are not preparing for college. 
Reference 202. The first third of the course usually consists 
largely of a development of chemical laws and.theories. 
This materi a l is by far the hardes t and is usually t he 
most uninteresting to the pupil. 
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VIII-5Q-ENERALI ZATIO NS . 
1. There seems to be quite a need to giv e a more fitting 
chemidal edueation to 90% of the class. (Ref.5,76,113, 
~33, 198,202,214 .) 
2. Chemical laws and theories in the first third of a 
course are t he mo st uninteresting to the pupil.{Ref.202) 
The college preparatory pupil seems to acquire some 
. . 
real value f rom his study of chemi stry.{Ref 76) 
5. The pampering of students. 
Reference 128. Some students have their native int erest 
so pampered that they become unfitted f or much ment al 
wo r k beyond pas s ive or de sultory obs e rvation. 
Reference 122. The writer believes that the vrouble is 
deep rooted; that it goes baok tto the methods used 
in our primary and secondary schools. lt used to 
be expected that t he student would accomplish a 
great deal for himself; now everyt ' ing :JOSsible is 
done to get him thr ough a given cou rse with the least 
effort oh his nart. 
Reference 168. It seems that our high school students are 
babied when only ten percent require chemistry. 
VIII t 5• GENERALIZATIONS. 
I. Too much is rone for the pupil in the high school. 
(Ref. 122, 128, 168.) 
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6. fhe detrimental effect of outside activities. 
. - - . . . 
Reference 72. Gh emistry is not studied because of heavy 
work in other courses and the heavy load in regard 
to the number of subjects carried. Also 6hemistry 
is not studied because of radio, athletics, so cial 
functions in and out of school,and activit l es not 
connected with the school. lRef. !l, 149, 194.) 
VIII-6. GE1~RALIZATIONS. 
1. Chemistry is not studied because of heavy assignments 
in other courses(~ef.72) or because of extra curricular 
activit i es, and other outside distractions.(Ref 33,72, 
149, 194) 
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~uuil errors in high school chemistry. 
(1) Regarding equations and formul as; andl2) rega rding 
valence. 
Reference 194. A comparison of the present errors of two 
sections of test classes is shown in 
Problems 
Equations 
Formulas 
Word equations 
Solutions 
Valence 
Dissociation 
Atomic Theory 
Forrnulas(with valence) 
Section I 
61.3 
64.8 
56.1 
49.4 
29.6 
35.9 
36.4 
24.7 
21.2 
the following table: 
Section II 
44.2 
42. 
34.5 
!4.3 
22.5 
19.8 
21.7 
21.3 
5.1 
Reference 151. If the pupils of a given sdl ool showed poor 
abili t y to write equations t hey· .also showed poor ability 
and to do the items of the ot her divisions of the test. 
Reference 131. The t ypes of subject matter in the Powe~ 
tests which proved to be most difficult f or both classes 
tested are (1) s olubility , (2) entire equations and 
problems. 
Reference 112. An examination of test papers reveals diffi-
culty with equations. There exists a wide variety of 
pupil ability in equation wri t ing , which indicates that 
the importance of this phase of chemical training is 
either not sufficiently emphasized, poorly taught, or 
rega rded as not too i mportant. 
Reference l57A. An important weakness found is the failure 
to solve chemical problems • This is not the result 
of 
of a deficiency in writing formulas, butja poor concept 
of the meaning of formulas and e~uations. 
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Reference 112. The inability of high school pupils to 
express chemical reactions by means of chemical eqa-
tiona is more likely to be more common than uncommon. 
Reference 221. The phases found most difficult to teach 
are the theory of ionization, problems, theorY of 
atomic weights, use of equations in quantitative cal-
culations, balancing equations, valenc~, periodic 
law, atomic and molecular weights, and chemical math-
emat ics, expecially of e~uations. The great maj ~rity 
find -~ that problems and equations are the sources of the 
most of t h e trouble. 
Reference 151. To write formulas is more difficult for salts 
than for corresponding acids. 
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Reference 131. The principal errors 1n-:,wrtttng formulas are in 
valence and writing the molecular forwulas. 
Reference 9. Even among the best students the valences of 
radicals are poorly fixed in mind. 
Reference 185. Students make the mistakes of defining in -
circles, and defining in terms of general properties 
instead of specific. 
VIII-7. 6E}mRALIZATI ONS. 
1.~ Writing equations seems to be t he grea t es t source of pupil 
errors. (Ref. 112, 131, 151, 194, 221) 
2. Problems also are a considerable source of error. (Ref. 131 
151, 194, 221.) 
3. Formulas also are a cons ideralbe sou rce of error. (Ref. 151 , 
157A.) 
4. Other sources of error are word equations,(Ref. 194), 
solubility, (Ref. 131, 194); valence (Ref. 9, 131, 194, 
221), dissociation (Ref.l94,221), the atomic theory 
{Ref 194,221), periodic law,\Ref.L94), illogical 
-
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defining (Ref.l85) , and mat hematics( Ref. 149,162,194,221) 
IX • Testing 
1. The need fo r segregation of puoils. 
Reference 182. The superior student would be helped by 
sectioning . 
Reference 181. Mixed clas s es in general chemistry result 
in a larger number of poor rec ords and failures than 
when the students are segrega~d on the bases of 
preparatory training. 
Reference 188. A very serious fault;··of the class method 
has been to put all it~embers on the same level. 
Reference 133. The student should be tested for his ability 
to practice chemistry. 
IX-1 GENERALIZAT IO NS. 
1. The class method S·3ems to be wrong where all students 
are put on the same level. lRef. 188.) Mixed classes 
give poorer results than classes grouped on the 
basis of previous ~raining. 
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2. The superior student would be helped by sectioning ,(Ref 182) 
and should be tested for his ability to practi9e chemistry. 
(Ref. 133.) 
2. The need for more reliable tests. 
Reference 36. 'rve have as yet no adequate test for scientific 
attitude, appreciation, manipulative skill in handling 
apparatus or scientific method of procedure. 
Reference 78. There is a need for a general survey test in 
which the atatus of groups of chemist r y stu dents in 
different stagesz·of advancement may be determineQ.. 
Diagnostic te~ t s are needed to he~p the teacher locate 
the particular difficulty that the pupil ia encountering. 
Besides the tests of general achievement thebe are 
needed more intensive tests over the constituent ;:lparts 
of the whole. 
Reference 77. There is no rating scale among teachers. 
Reference 154. Clearer definitions and better research are 
needed. 
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heference 180. Young teachers l a ck the opportunity for observing 
achievements. 
IX-2 GENERALIZATIONS . 
l. Ther~ is some need for a good test for scientific at-
titude, appreciation, and manipulative skill in handl ing 
apparatus or scienti f ic method of procedure.(Ref. 36.) 
,..... 
2. There is some need for a test to determine the status 
of groups at different stages of advancement; to diag-
nose the difficulties of an individual student, to test 
more intensely over constituent parts of the nhole. 
3. There is no rating scale among teachers. Better diagnostic 
research is needed. Young teachers should have the chance 
to observe achievements. (Ref. 77, 154.) 
3. Poo r ~n:!!S:nkings by teachers~ 
Reference 77. The values assigned to the different constituent 
parts of a sudent's performance are not consistently 
assigned by all teachers or even by a given teacher. 
The terms used in describing the achievement of a pupil 
are llague and indeterminate. (Ref!l80.) 
Reference 82. Since our school promotions depend upon tests 
of one sort or another it is time that the te ~ chers of 
exa ct science should make examinations less burdensome 
to teacher and pupil and somewhat more exact. Thi s is 
important for three reasons: (a) teachers' marks are 
unreliable, (b) the marks given by teachers show a 
striking.::; variability, (c) 'J:eachers are inconsistent in 
the distribution of class marks. 
Reference 163. Measuring results in terms of information 
acquired is a misconception of chemical education. 
Reference 184. Teacher's impressions of the value of the 
daily oral work of a pupil and upon the results of written 
examinations given from time to time are highly unscien-
tific and subject to wide variation. Some teachers do 
not think about the questions of a test until t he class 
is assembled. Then they•:.rwri te on the board the first 
questions that come to mind. 
IX,-3 GE1~RALIZATIONS . 
1. Teachers are inconsistent in the distribution of 
class marks. (Ref. 77, 82, 18Q, 189) 
2. Some teachers do not make queationsuntil the last 
minute. 
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4. Poor showing of small schools on some tests. 
Reference 151. There is a marked tendency for the schools 
with small enrollment to do poorly on the tests. 
Reference 163. Pupils rank i ng low in one test were low in 
most of them and lower in the smaller schools. The 
writer considers the work in some schools entirely 
futile. 
IX-4. GENERALIZATIONS. 
1. On chemistry tests sent to different high schools, 
the small schools seem, as a rule, to do poorer than 
the larger schools. (Ref.l51) 
2. Pup i ls that do poor in one test seem, as a rule, to 
do poorly in all of them. 
5. Some criticisms of new tyne tests and t esters. 
Reference 110. The new t ype tester does all t he connected 
t h i nkimg and correlating, leaving t he student only 
/':. snap judgment and word answers. On old type tests 
t here was a more thorough pr epa r ation f or advanced 
work . 
I Reference 61. Too much emphasis has been laid upon the 
ease of the "new typen tests, particul arly when it 
is urged that t hey be used to replace t ·es t s of 
the "essay" type, in ~ toto. 
Reference 94A. Tenth year science and ninth year algebra 
do not offer much help in predicting success in high 
school chemistry. Intelligence tests are of limi ted 
value in fore cas t ing t h e outcomes of student endeavor 
in a given subject. Tests predi ct achievement much 
better for students in the first and last intelligence 
quarters than they do for students in the middle 
quarters. 
IX-5. GENERALIZATIONS . 
1. Int elligence tes t s are limi ted in value in fore cast-
ing t he outcomes of student endeavor. They are more 
valuable concerning t l1 e first and last quar ters of 
a class. 
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X. Practical and Popular Chemistry 
l. Some dislikes for p~pular chemistry. 
Reference 222. This popula r demand has led to two develop-
ments; first is the introdu ction of much pseudo-chemis-
try, particularly of the household variety. Witness 
the student analy zing h i s saliva, tea f or caffeine, 
diasotizing aroma t ic int ermediates i nt o dyes, eta. 
Reference 135. Some teachers object to the teaching of chem-
istry in t he public school as a practical subject, for 
the actual value of such a course from the bread and 
butter standpoint is very slight. 
Reference 68. It is a general condition, t his endeavor to 
overpopularize school work; of trying to make educa-
tion a pleasing process during which there is an at-
tempt, surreptitiously, to slip one over on t he pupil 
{ if you pardon the phrase) and give him a little 
education while he thinks he is having a good time. 
X-1. GENERALIZATIO NS. 
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1. Popular chemistry is sometimes considered ridiculous. (Ref.222) 
2. 'l'he financi al vaihue of practical high school chemistry is 
slight. (Ref.l35) 
3. Popular chemistry, in trying to teach chemistry in a 
pleasing way, a ppears contemptible to s ome critics. lRef.68) 
2. The present low status of chemistry in high schools. 
- - -
Reference 183. Physics and chemistry, having interesting 
subject matter, are not enjoying the popularity seemingly 
their. tRef.) 
Reference 221. Of the 928 high schools in Iowa, there is 
little doubt. but that chemistry is taught in only 
10% of them. 
Reference 204. In 1921, the ratio of students taking chemis-
try, physics and biology in hi 5h schools in Buffalo, 
several other large cities and amller cities, is ~ : 
shown in the following table: 
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Buffalo Chemistry 1 Physics 3.5 Biology 5.5 
Other large cities 
Small cities 
" 
II 
1 
1 
II 
" 
1.7 
2.0 
" 
" 
Undoubtedly there are several reasons for the low rate of 
cheTist~; to the other sciences. 
Reference 202. The reports of the United States Commissioner 
of Education show that chemistry is ba r el y holding its 
own in the percenta '?~e of students enrolled. 
Reference 168. It is regretable that but ten percent of 127 
h igh schools require the subj ect of chemistry. 
Reference 193. To whom should chemistry be taught? and to how 
many? What do we mean by chemistry as a college or 
shhool subject? What are the values from such compulsory 
or voluntary courses? In the suffic i ent answering of 
such questions t s the cause of the lww state of chemical 
and scientific instruction. 
X::~2..-GEN'ERALI ZATIO NS . 
. ... . . .. . ... - ... . ~ ... 
1. Chemis t ry holds a small percentage (somewhat regretable) 
of the students enrolled in some hi gh schools. (Ref. 168, 
183,2G2,204,22l.) 
3. The low amount of knowlege of practical chemistry a mong 
the public. 
Reference 202. A second objection frequently rai eed against 
present day tea ching is that it aims to t u r n oub chemists 
rather than intelli gent citizens. 
Reference 11. The adapt i on of chemistry instruction in our 
secondary schools calls for a departure from the conven-
90 
tional standardized chemi stry instruction a nd for a scheme 
of instruction in applied chemistry. lt requires the 
substitubion of t he evaluative method for the pure quali-
tative physic al observation me t hod. 
Reference 157A. There is a lack of interes t in subject matter 
due to not getting acquainted with local indus t ries 
and in not point i ng out the opportunities afforded by 
ehemistry as a means to earning al i ving ; and lastly 
in the need of stress i ng laboratory work . Lack of 
interest in sub j ect mat t er is due to a violation of the 
princi ~le of apnercep t ion in not linking up chemistry 
to facts already f amili a r. 
Referenc e 191A. Since only a small minori t y of our population 
has such ch emical knowledge , i t is easy to bel i eve t hat 
human lJro gress i s wai t i ng for a bet t:er knowledge of things 
chemical in the plan of edu cation. 
Reference 214. Laws, theories, nomenclatu re i nterest the teacher, 
frequently the pupil, never the parents. 
Reference 2A. That we have failed to maintain a conficence 
in science to any extent implies that our emphasis 
has been misplaced to that extent. 
Referenc e 76. For the few who go to college, the value of 
the study df chemistry is real. 
Referecne 157A. An enumeration of( stuclent) weaknesses thus 
found are: knowledge of daily contact t hings; the 
classification of common stubstances as elements, com-
pounds, and mechanical mixtures; the trade names of 
important subst ances; and the application of chemical 
principles to every day p roblems. 
Reference 24. The managers of industrial concerns are find-
ing that there is no permanent profit in having one well 
paid college trained master, and with him half a dozen or 
more cheap incapable routine'' recipe" followers, as happens 
to be the case with quite a proportion of high school 
trained workers. 
Reference 42. There is a decided need of adjustment between 
educational institutions and the industries for which 
students are intended. Teachers are unfamiliar with indus-
tries' needs or the type of men needed. 
IX-3 GENERALIZATIONS. 
~. There is a need to point out the opportunities afforded 
by chemistry in earning a living. (Ref. 11, 157A, 202) 
2. There is a lack of interest in subject matter in not 
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streaming the laboratory work or in not link~ng chemistry 
up to familiar things. (Ref. 157A) 
3. Our lack of confidence in chemistry possibly is due to some 
mxeJi:llia.aed emphasis regarding the subject.( Ref 2A). Laws, 
t heories , and nomenclature sometimes interest the pupil, 
but never the parent. {Ref 214) 
4. An enumeration of student weaknesses are: knowledge of 
daily contact things, the knowledge of trade names of im-
portant substances, and the application of chemical prin-
ciples to every day problems. These weaknesses tend to 
show the lack of knowledge of every-day chemistry in stu-
dents. 
5. Better correlation between educational institutions and 
their objective industries is needed. Managers of industrial 
concerns look down upon mechanical, hl gh-school trained 
chemists. (Ref. 24) 
6 . . 0nly those who go to college receive any real value from 
their high school chemistry. 
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4-. The need for a snecial chemistry course for girls. 
Reference 116. It is de-plorable how little women of the 
p r present generation, who are mothers and directors 
of homes, know chemistry and all its valuable helps. 
If they studied chemistry in g~gh school or college, 
they invariably say that they hated it and received 
nothing from it but their credit. 
Reference 46. Dr. Lewis finds from statistics that about 
76% of the girls who enter high school are married 
before twenty-five years of age, also more than 95% 
of the girls who enter hi gh school never attend 
college. The statistics emphasizeethe import ant re-
sponsibility thrust upon the high school. The re-
sponsibility of the welfare of the home should and 
does rest to a great extent upon this individual. 
See Ref. 56.) 
IX-4 GENERALIZATIONS . 
1. There seems to be a great need for household 
chemistry courses for gir~, as many high school gi~, who 
never ent er college, marry early. (Ref 46, 56.) 
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XI. Co-ordinated High School 
Se!:ence Courses. 
l. The det.erious tendency t o haye but one year of general 
- - . - -- - .. - -· - - - -· . , - - ~ 
chemistry. 
Reference BOA. We have run into a first year ehemlstry rut. 
Reference 5. One of the misconceptions of chemistry teachers 
is that the first year course in chemistry, whether 
taught in high school or taught in college , is only 
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an introductory course, to be followed by other s pecialized 
courses. see Ref. 163. 
Reference 217. There is no time in the one year hi gh school 
course for s pecific training , in fact, there is not 
enough time to tea ch thoroughly the underlying principles 
and theories of general inorganic chemist~). 
Referenc e 146 . We should start the pupil with chemi stry 
gradua lly instead of start ing with utterly unfamiliar 
matter. 
XI-1. GENERALI ZATIO NS. 
1. We have run into a one year chemistry rut. ( Ref BOA) 
2. Some teachers deceive themselves at least in feeling 
t hat this one year of chemistry in high school will 
be followed by other courses. (Ref 5). Yet this is the 
only year that the vast majority will rece i ve. (Ref. 7) 
3. There is no time for s pecial tbaining or for thorough 
teaching of the underlying principles and theories in 
the one year h igh s~ool courses. (Ref. 217) 
4. Starting the pupil with matter utterly unfamiliar 
is a little unjust. \Ref. 146) 
2. The need for a scienc e sequence in high schools. 
Reference 82. Unless the science teachers do not agree 
upon some sequence it will not be possible to compete 
with lingual or mathematical studies. 
Reference 47. Such a need for educational aims in teaching 
elementary chemistry has been due to: The variation 
of purposes, the increasing number of sciences offered, 
the development of intensive specialization within the 
various sciences, the lack of sequence in which they 
are frequently given, and the wide variation in met l:'lods. 
Reference 118. One need of science teaching in small high 
schools is a reasonable science program with a definite 
science sequence adapted to the needs of a given com-
cii.mUn it y • 
Reference 163. There is need of reorganization of the aims 
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to be realized. Study should be given to the construction 
of a curriculum which will look to what people need to 
know about science and then organize it into teachable 
units according to the ability of high sd1 ool pupils. 
Reference 157A. There is a need of more preliminary train-
ing in science. 
Reference 151. Some of the difficulties which students en-
counter are no doubt due to the f a ct that t hey are 
plunged rather suddenly into the man1~a~ion ot 
material~ whl ch ar~ ror them entirely new. An or-
ganization of the sciences so that each succeeding 
course is related to and built upon the preceding 
one will result in the inclusion of science from many 
fields in the earlier course. (See Ref• 202 and 30) 
Reference 122. A suggestion which is unfo~unately being 
offered more and more is t hat we have a course which 
shall be a general introduation to science. The 
passing of all thoroughness would result in the loss 
of all disciplinary value as applied to a chemist~]. 
XI-2 GENERALIZATI ONS . 
1. A science sequence is needed to compete with ma t he-
matical or lingual studies. (Ref. 82) 
2. There seems to be a need for a s science sequence in 
high school. (Ref. 30, 47, 82, 151, 157A, 163, 202.) 
3. Reference 122 states that an introductory course to 
science will lack the through disciplinary value found in 
chemistry. 
4. The small school seems to need a pec~liar science se-
quence of its own. (Ref. 118) 
SIThij!AHY FROM GENERALIZATIONS 
1. The Teacher • There are forty-three references concern-
ing the teacher. Seven state that teachers are insufficient-
ly prepared, six decry the uncritical attention of teachers 
to the subject matter they use, and show that teachers carry 
a heavy load of work. Three indicate that teachers need 
special training in methods of presentation, three remark 
the indifference of educators,(sometimes local boards of 
education) to the fact that the tea cher must know his sub-
ject, and three s how the lack of the proper attitude of 
schools t owards having a library or improving what llbra~J 
they have. Two cri t ics point out the relationship of 
low pay to the hi gh pereentage of teacher turnover in some 
states, and object to the teacher .following blindly the 
text or laboratory manual. One reference stat es that first 
hand advice from well qualified sourees is ignored by 
teachers. 
2. Methods of Presentation.Sixty-four quotations come under 
this heading . Eleven demand a change in present day methods, 
seven critics cite the over-emphasis of the memory, six de-
sire greater stressing of fundamentals, while five refer to 
the confusion of aims of _courses. Three condemn the sha~­
lowness of courses, and say that some high schools are 
dissatisfied with the lecture system; 
short non-permanent retention 
courses, and complain of the imp ro~ 
while three others indicate t hat c en t~ 
exist. A few needed omissions and additio. 
by individua l authorities. 
3o The Laboratory. This phase of high school chemistry 1~ 
considered in twenty-five of the references. Six say that 
the text book lessens the value of laboratory work , five 
state that laboratory work i s improperly supervised, and 
also complain of poor laboratory facilit ies. Three s how 
that expense opposes the tea ching of chemistry and remark 
the studen's indifference t owards laborat ory work, t wo say 
that experiments based indirectly on the text creates loss of 
interest, while one reference criticises the common reagent 
system. 
4. Laboratory Note~ooks. Twenty-five references are included 
here. Nine question t he effic i ency of such not es, four 
ridicule s t udent' s attitudes towards l aboratory notes, and 
remark that teachers object to the making of l aboratory 
notebooks. Three discuss teachers' attitudes toward such 
notes, two stating that some tea chers doub t whether or 
not to require a notebook, yet t wo explain that such records 
are necessary in large classes. 
5. The Demonstration Method versus the Individual Method. 
Twenty-six authorities consider this question. Seven complain 
of the inefficiency of the latter method, six state that 
the former method is the more efficient, yet when labora-
tory manipulation or the inferior student is to be con-
sidered, four writers preferred the latter method. Three 
remark that laboratory work is uninteresting, and two re-
gret the student's lack of correlation of class room and 
laboratory work. 
6. The Textbook. Fifty-one passages from different articles 
discuss the textbook problem. f:hirteen decry the excessive 
amount of textbook material, eight criticize the confusing 
nomenclature of texts, seven complain of the tendency of 
courses to imitat e textbooks, and object to the incoherent 
style of textbooks, six comment upon the l a rge number of 
terms.inTtexts and indicate tha t they are ill adapted to 
high school pupils. Three showed tre harmful emphasis upon 
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metals and their salts in the second semester's work. Two 
authorities demand a critical examination of the text mat-
erial, two state that courses imitate textbooks under the direc-
tion of inexperienced teachers, t wo feel that texts are made 
from t he author's viewpoint, two pointed out that some 
terms are synonymous, two judged that important phases 
are not repeated enough in texts and ci t e the traditional 
style of topics in some texts. 
7. Collep;e Influence over High School Chemistry. 
one extracts from the bibliography 
9. Testing. Fifteen critics discussed the matter of test-
ing and grading pupils. Five pointed out the need of more 
accurate tests; four felt that teachers' markings were un-
reliable, two showedthat the smaller schools did poorer 
work than the larger schools, four suggested segregation 
of pupils, either on the basis of previous preparation 
or ability. on the other hand, three writers dbjected to 
t he new type test and method of testing. 
10. Practical and Popular Chemistry. Of the twenty-one 
re~erences where this matter was considered, five showed 
that present day high school chemistry interests only a small 
percentage of high school pupils, three ridicule practical 
or ponular chemistry, yet three stress the need to point 
out the economic opportunities of chemistry; two desire 
better emphasts upon the subject and indicate the need for 
a household chemistry course for girls. One writer remarks 
the lack of unity between every-day life and the teaching of 
chemistry. 
11. Co~ordinated High School Science Courses. Ten refer-
ences are concerned with this subject. Seven suggest the 
need of a high school science sequence, while three object 
to only one year of high school chemistry. 
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12. Resume'of this Summary. While the bibliography con-
sists of two hundred twenty-four aricles, half as many 
aga in were r ead , but were not put in the bibliography. 
"The Journal of Chemical Education" yields one hundred 
t hirty nine articles;"School, Science and Mathematics" 
furnishes fifty-three; and the ,; Reader's Guide" gives 
thirty-two. Of the two hundred twenty-four articles, one 
hundred fourty-six furnish criticisms which are used in 
this thesis. Here the11 JoU:rnal of Chemical Education" 
yields ninety-four articles ;"School, Science, and Math-
ematics 11 offers thirty-five; and the ''Reader's Guide 11 
gives seventeen a rticles. One article is a contribution 
to"Bducat ion"from Teachers' College, Columbia University. 
As an indication of the relative attention given by 
the one hundred forty-six authorities to the headings of 
this thesis, methods of presentation ha s sixty-four re-
ferences, the textbook has fifty-one, the high school 
pupil, forty-five, the teacher, fo~y~three, college and 
its influence, thirty-one; the argument, the demonst~ation 
method versus the individual method, twenty-six, the labor-
atory and the laboratory notebook each have twenty-five, 
practical and popular chemistry, twenty-one, testing, 
fifteen, and co-ordinated high school courses only ten. 
Considering the m~nor questions which are better sub-
stantiated, thriteen condemn the excessive amount of text-
book material; eleven demanta change in teaching methods; 
ten state that the College Entrance Examination Board in-
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fluences high school chemistry; and ten show the need 
to know better the pupil's personality. Nine references 
doubt the efficiency of laboratory notes, eight criticize 
the confusing nomenclature of texts, seven stat A that 
teachers are insufficiently prepared, six devry the un-
critical attention of tea chers to the subject matter, and 
show that teachers carry a great load of work. Seven critics 
cite the over-emphasis of tbe memory, six desire the stress-
ing of fundamental, while six refer to the confusion of aims 
in courses. Six say that the textbook leases the worth of 
the laboratory work, five stat e that labo~ratory work is 
improperly supervised, and also complain of poor laboratory 
facilities, ~even writers remark the efficiency of indi-
vidual laboratory work, six prefer the demonst2ation method 
against four who liked the individual methoa. s,ven a~ic~es 
~omplal.n of tn• tendency o• oours(is to d!~1 tate textl.JOoks ,-
ana_ o!) j ect to the incoherent a-;t.yl:e of textbooks while six 
point out the large numberof terms and indicate that texts 
are ill-adapted to high school pupils. Five writers say 
that high school chemistry interests only a small per-
eentage of the enrolment. Seven authorit•es recommend 
the formation of a high school science sequence. 
These ariticisms show the lack of a good high school 
sequence where the chemistry taught doesn't articulate 
well with college chemistry, and is influenced too much 
by crediting agencies and examination boards. Unfitted 
11)3 
to the psychology of the pupil, tea ching methods need a 
ref ormation, being c onfusing in themselves and in thei r 
• 
aims. A sensible study of the pupils from a personality 
standpoint is suggested. Laboratories and laboratory teach-
ing methods also need improvement. An unsettled argument 
exists as . to the practicability of the demonstration method 
versus the individual laboratory method. The effic&ency 
of laboratory notebooks is doubted. The textbook used 
is excessive in amount, incoherent in style, and poorly 
adapted to the pupil. I t lessens the value of laboratory 
work a nd is prone to have too muah influence over the 
course taught. Chemistry tea chers need a much better and 
a more comprehensive preparation than they now possess. 
Chemistry courses interest onl y a small percentage of the 
pupils enrolled in high schools. 
~04 
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